We consider the scenario in which neutrino data are explained by the interplay of type I and II seesaw terms in the Majorana neutrino mass matrix
of zeros may be related [9] ). In particular, consider the case
where × denotes a nonzero entry. This structure is rather unique, as it is the only possibility to have more than 2 zeros in M R (and therefore less than 4 free parameters) without inducing 2 or more zeros in M 
which has no texture zero but 3 zero sub-determinants. This three-parameter structure, as we will show, cannot reproduce all present neutrino data [10] . On the other hand, it is possible that a significant contribution comes from M L and, if it is proportional to the unit matrix, Eq. (1) becomes
which (i) turns out to fit all present data and (ii) may be stabilized by a simple family symmetry, as shown below. This model of Hybrid Seesaw, depending on 4 parameters, is the most minimal constructed so far.
To maintain the pattern of M ν in Eq. (4), a suitable family symmetry is A 4 , the discrete group of the even permutation of four objects. It is also the symmetry group of the regular tetrahedron (Plato's "fire" [12] ), and has been applied to the neutrino mass matrix in a number of ways [13, 14] . The irreducible representations of
Here we make the following assignment: the 3 families of leptons transform as a triplet,
and the scalar sector consists of three Higgs doublets Φ i ∼ 1, 1 ′ , 1 ′′ , one Higgs triplet ξ ∼ 1, and three Higgs singlets Σ i ∼ 3. The group multiplication rule [13] is
where a i , b i ∼ 3 implies
with ω = e 2πi/3 . This means that the Dirac mass matrices linking l i to l c j as well as ν i to ν c j are both diagonal, with 3 independent entries each. It also implies that M L in Eq.(1), which is generated by ξ , is proportional to the unit matrix and M R has nonzero off-diagonal entries proportional to Σ i , as in Eq. (2) . This is what is needed to obtain Eq.(4).
However, the bare Majorana mass term ν 
2 . The orthogonal combinations Φ ′ and Φ ′′ decay into e + e − , µ + µ − and τ + τ − with similar rates (the couplings are of the order m τ /v, the exact values depending on the scalar potential parameters). One loop contributions to the anomalous magnetic moment of the muon, g µ − 2, are induced, but their size is generically negligible even for Higgs masses as light as 100 GeV (for a precise estimation in a similar model, see [15] ).
Notice also that, if the 3 families of quarks transform as an A 4 triplet in the same way as leptons, up and down quark mass matrices are both diagonal, thus describing in first approximation the smallness of CKM mixing angles. Then, since all fermions transform in the same way under A 4 , they may be embedded in multiplets of a Grand Unified gauge group. However, the construction of an appropriate scalar sector is highly non-trivial and beyond the purposes of the present paper.
Let us study the phenomenological implications for neutrino masses and mixing angles.
Data on neutrino oscillations [10] indicate that θ 23 is close to maximal and θ 13 is small. One can check that the matrix structure (4) may accommodate θ 23 = π/4 and θ 13 = 0 if and
It is useful to discuss first this limiting case and, in the following, possible deviations from it.
Case b = c : The matrix M ν has a form [11] such that θ 13 = 0 and θ 23 = π/4. In the basis spanning ν e , (ν µ + ν τ )/ √ 2, and (ν τ − ν µ )/ √ 2, it becomes
The parameters a, b, d are in general complex. Diagonalizing M ν M † ν , we obtain
where
Notice that θ 12 < π/4 implies |a| 2 + 2Re(ad * ) < 0. The mass squared differences are given by 
the ordering of the mass spectrum is inverted for tan 2 θ 12 < 0. 
the overall scale of neutrino masses increases with increasing values of tan 2 φ. This means that the mass spectrum can be quasi-degenerate independently from the value of tan 2 θ 12 .
Subcase (2 ′ ): Let d be real with a = |a|e iφ and b = i|b|. The 3 conditions are the same as in subcase (2), with a replaced by |a| and d by d cos φ. We now have (12)). In the left panel we assume d real and a, b having the same phase φ (subcase (1 ′ )). In the right panel we assume d real, a = |a|e iφ and b = i|b| purely imaginary (subcase (2 ′ )). We take the best fit values of mass squared differences and tan 2 θ 12 = 0.45.
so that, as in subcase (1 ′ ), the overall mass scale increases with tan 2 φ. The dependence of neutrino masses on φ is shown in Fig.2 , for both subcases (1 ′ ) and (2 ′ ). The displayed interval is the 99% C.L. allowed range for tan 2 θ 23 [16] . The curves depend only on the value of the solar mixing angle θ 12 (they are independent of the neutrino mass spectrum).
Therefore, given the values of θ 12 and θ 23 (θ 13 ), the ratio λ 1 /λ 2 and θ 13 (θ 23 ) are predicted.
In particular, taking into account that tan 2 θ 13 < 0.05 ≪ 1, one finds
so that the size of the 1 − 3 mixing angle is proportional to the deviation from maximal atmospheric mixing. This result is illustrated in Fig.3 , which shows that the present upper bound sin θ 13 < 0.2 can be saturated, given the experimental uncertainty on θ 23 and θ 12 .
Since m i = d + λ i , the parameters d and λ 1,2 are uniquely determined once ∆m 2 sol and ∆m 2 atm are given, so that the mass spectrum is predicted too. After some algebra, one finds that the ordering is inverted for If complex phases are introduced, the type II contribution will affect not only the mass spectrum but also the mixing angles. In general there will be more freedom to fit data and we do not elaborate further in this direction. Just notice that θ 13 = 0 can be possibly associated with Dirac type CP violation.
In conclusion, we have considered the Hybrid Seesaw scenario, where light neutrino masses receive comparable contributions from super-heavy right-handed neutrinos and scalar isotriplets. We have shown that a family symmetry (the discrete group A 4 ) is able (i) to control the structure of type I and type II seesaw terms at the same time and (ii) to restrict the number of free parameters so that predictions are possible and experimentally testable.
